Objective. To clarify the precise anatomic arrangement of the annular attachment of a common atrioventricular valve in the setting of visceral heterotaxy.
Methods.
One hundred and twelve autopsied specimens with.isomeric atrial appendages were studied.
Results. Annular hinge points with a planar orientation were found in only 7 hearts. All others showed a nonplanar and undulating arrangement, including 7 with Ebsteins's malformation. When the posterior half of the valvar attachment was taken as a reference plane, the anterior part deviated superiorly, the distance from the plane to the anterior point being 6_7_4.9% of the circumferential length of the annulus. The ratio of the antero-posterior diameter to the width of the annulus was smaller in hearts with biventricular connections (0.77_+0_15) than in those with double inlet ventricle (0.89 _ 0.17, P<0.001). Reflecting this, the ratio of superior deviation of the anterior valvar annulus compared to the antero-posterior diameter was greater in hearts with biventricular atrioventricular connections (P = 0.016), particularly in those with isomeric right appendages. No significant differences were found when the data was analyzed according to variations in ventricular morphology.
Conclusions. The precise evaluation

Introduction
When attempting to determine optimal surgical options for patients with isomeric atrial appendages, regurgitation across the atrioventricular valves is known to be one of the factors influencing the outcome deleteriously [ 1, 3, 11, 13, 17, 19] . Conventional or innovative operative interventions to the atrioventricular valves have already been employed prior to or concomitant with right heart bypass procedures [5, 12, 18] so as to strive to minimize such deleterious insufficiency, and, eventually, to improve surgical results. Since the atrioventricular valves are composed of both leaflets and tensor apparatus, all these structures should be taken into account when determining optimal surgical treatment, In a previous study we demonstrated, in the setting of biventricular and ambiguous atrioventricular connections, that the papillary muscles had a tendency to hypoplasia and malposition within the morphologically left ventricle in hearts with isomeric right appendages [20] . In the present study, we focussed on structural features of the annular attachment of the leaflets of a common atrioventricular valve.
Materials and methods
We examined 183 hearts with isomeric atrial appendages at the National Heart and Lung Institute in London, UK; at the Children's Hospital in Pittsburgh, USA; at the National Cardiovascular Center in Osaka, Japan; and at the Childen's Hospital in Liverpool, UK. Out of this extensive series of hearts, for the present study we chose all the hearts with a common atrioventricular valve which proved to be suitable for precise morphologic measurements of the valvar attachments: 88 cases with isomeric right, and 24 with isomeric left, appendages. Hearts with absent right or left atrioventricular connection, as well as those with separate right and left atrioventricular valves, were excluded. The status of the spleen could be determined from the autopsy records in 64 cases with isomeric right, and 20 with isomeric left, appendages. Splenic tissue was absent in 53 cases with isomeric right (83%), and in 2 with isomeric left appendages (10%). A solitary spleen was found in l 1 patients with isomeric right appendages (17 %), and multiple spleens were found in 18 patients with isomeric left appendages (90%)_ As a control for examination of the valvar components, we also examined 17 hearts with the usual atrial arrangement having a common atrioventricular valve. Morphologic features were shown in Table 1 .
The crux of the heart was taken as a posterior reference point. From this reference, the circumference of the common atrioventricular valve was divided into eight segments, marking the anterior point, as well as either right-sided or left-sided lateral points ( Fig.  1 ) , on the attachment of the atrioventricular valve to the atrioventicular junctions. A line was drawn between the right and left lateral points, and a plane was defined to include both this line and the posterior point (Fig. 1) . The location of this plane could be demonstrated using straight pins inserted across the atrioventricular junctions (Figs. 2 and 3) . The distances between the reference plane and each selected point were then measured. For simple standardization of the size of the atrioventricular valve, the orifices were assumed to possess an oval or circular shape, measuring the anteroposterior diameter between the posterior and the anterior points and the width between the right and the left lateral points. An approximate value of the elliptic length was calculated by integration of the length of 360 chords corresponding to each subtended angle of 1 ° (Fig. 1) .
Results
Of all 129 specimens, seven hearts showed moderate (in five) or severe (in two) Ebstein's malformation of the right component of the common valve (Fig. 4) , all having isomeric right appendages. The annular hinge points had a planar orientation in only seven hearts (6%) (Fig. 2) . All the other 115 showed a non-plana undulating arrangement (Fig. 3) , the anterior half of the valvar attachment deviating superiorly (Fig. 1) . The distance from the reference plane to the anterior point was 6.7 +4.9% of the circumferential length of the valvar annulus when averaged for all specimens, including those with a planar attachment. The number of hearts with the value of the distance less than a mean minus one standard deviation was 17 (14%), 6 of these having biventricular atrioventricular connections and 11 with double inlet ventricle. Of 16 hearts (13%) with the value more than a mean plus one standard deviation, 13 had biventricular atrioventricular connections, and 3 had double inlet ventricle. This indicates that a less undulating attachment was more common in hearts with double inlet ventricle, and that marked undulation was more frequent in those with biventricular atrioventricular connections (P < 0.05, chi-square test). There were no significant dif- 
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Distance from reference plane Fig. 1 Methods and results of anatomic measurements. The circumferences of the annular attachment of the common atrioventricular valve was divided into 8, and the plane defined by the posterior, the right, and the left points was taken as a reference to describe undulation of the valvar attachment_ For standardization, the distance between the anterior and the posterior points, as well as diameter between the right and the left points, were also measured. The valvar orifices were assumed to possess an oval shape, and an approximate value of the elliptic length was calculated by integration of the length of 360 chords corresponding to each subtended angle of 1 °. Anterior half of the attachment proved to be deviated superiorly ferences in terms of the arrangement of the atrial appendages.
The ratio of the antero-posterior diameter to the width of the valvar annulus was smaller (P<0_001, t-test) in hearts with biventricular atrioventricular connections (0.77_+0.15) than in those with double inlet to a dominant ventricle (0.89 +_ 0.17) (Fig. 5) . The ratio of superior deviation of the anterior valvar annulus compared to the antero-posterior diameter was greater in hearts with biventricular atrioventricular connections (P < 0.05, t-test) (Table 2). Statistical differences were also seen within the group of hearts having biventricular atrioventricular connections when hearts with isomeric right appendages were compared to those with the usual atrial arrangement. No significant differences were found when analysis was made according to either the types of ventriculoarterial connections, or the presence of fibrous continuity between the Fig. 2A , B A planar orientation of the hinge points was seen in only seven specimens leaflets of the atrioventricular and the arterial valves. Ventricular topology, or relationship of a rudimentary and incomplete ventricle to a dominant ventricle, was unassociated with the deviation of the valvar attachment at the anterior-right and the anterior-left points.
Discussion
Morphologic aspects
Although the attachments of the normal mitral and tricuspid valves are arranged in roughly coplanar fashion, the precise attachments of the valvar leaflets to the fibrous skeleton of the heart are known to be complex [7, 8, 21, 22] . In hearts with atrioventricular septal defect, attention has been paid to the structural features of the papillary muscles [2, 15, 20] and to the valvar leaflets themselves [4, 9, 14, 15] . No precise descriptions~ to the best of our knowledge, have been made concerning the spatial arrangement In terms of the ventricular shape, the outlet length of the morphologically left ventricle is known to be longer in hearts with atrioventricular septal defect than in the normal heart [4, 14] . Such a feature is more prominently seen in the setting of isomeric right appendages [20] . In hearts having fibrous continuity between the atrioventricular and the arterial valves, such a proportionally longer outlet could be associated with an abnormal orientation of the atrioventricular valve relative to the rest of the ventricular structures (Fig_ 6). The statistical differences detected between hearts with isomeric right appendages and those with usual arrangement, in the setting of biventricular atrioventricular connections, may therefore reflect this arrangement. If the fibrous continuity is interrupted by the muscular ventriculo-infundibular fold, the width of the muscular bar might be related to the arrangement of the common atrioventricular valve. In this respect, however, our present investigation could not demonstrate obvious correlations between these morphologic features and the annular attachment of the atrioventricular valve. The correlation between a non-planar arrangement and clinical regurgitation across the common atrioventricular valve remains unclear. We have no data to prove that the severity of insufficiency might be related to the degree of undulation of the valvar attachment. The limitation of this study lies in the cardiopathologic specimens themselves. Hearts treated with formaldehyde, or other fixative solutions, are obviously different from those seen under the condition of cardiac arrest during open heart surgery, liv- * P = 0.012 ** P = 0.040 *** P = 0.016 ing hearts being undoubtedly more flexible than autopsied and fixed specimens. Because of this, the annular attachment of the c o m m o n valve in specimens may provide a different three-dimensional impression compared to that seen in patients. Moreover, the structural features inspected during cardiac arrest do not necessarily represent the precise conditions in movement. It is crucial, therefore, to make prospective observation using echocardiography or magnetic resonance imaging. In other words, not only static morphology but also functional and dynamic features must be taken into account.
In this respect, in some of our series of patients with isomeric atrial appendages seen at the National Cardiovascular Center in Osaka, the paediatric cardiologist demonstrated, during routine preoperative evaluation using the long axis cross-sectional view, that the c o m m o n atrioventricular valve had the zones of appositions between its leaflets deviated towards the apex of the heart (Fig. 6) . Such a feature was initially considered to indicate that the valve possessed shorter tension apparatus than usually anticipated. On the basis of our present finding, we now believe that the superior deviation of the anterior annular attachment can also be responsible for this clinical finding. Recognition of three-dimensional arrangements is obviously necessary to determine precise structural features.
Possible surgical relevance
The non-planar arrangement of the valvar attachment could be an influential factor when attempting to achieve the optimal valvar annuloplasty. Annuloplasty following the method of Kay may enhance the anterior undulation if performed on the posterior half of the atrioventricular junction, where the valvar attachment is relatively flat. Should a DeVega option be employed, a similar circumstance can occur, albeit with less probability, or the undulation can be reduced by involving the anterior part of the valvar attachment. If the annuloplasty is performed between the antefibrous continuity present between subarterial infundibulums leaflets of atrioventricular & arterial valves present Fig. 6 A -E A proportionally longer ventricular outlet may potentially influence the spatial orientation of the common atrioventricular valve within the heart, as seen in (B) compared to (A). It remains unclear whether such orientation could be influenced by the presence of ventrieulo-infundibular fold interrupting fibrous continuity between the leaflets of the atrioventricular and the arterial valves (C). Furthermore, deviation of appositions between the leaflets towards the ventricular cavity may reflect not only proportionally short tensors, but also a non-planar arrangement of the valvar annulus (D, E)
rior and the posterior points, making the distance shorter, the undulation can be flattened. Such annuloplasty, combined with suture of margins of the antero-superior and the postero-inferior bridging leaflets [18] , might be one of the surgical options for hearts with double inlet atrioventricutar connection guarded by a c o m m o n valve. In summary, when considering the causes of regurgitation across a c o m m o n atrioventricular valve, as well as when attempting to perform successful plasty, attention should be paid to the valvar leaflets, to the tension appa-ratus, and to the valvar annulus. In terms of the annular attachment, dilation of the annulus [10, 12] , which can be associated with volume overload placed on the systemic ventricle [6, 16] , has been well recognized as one of the deleterious factors for atrioventricular valvar regurgitation. It can also be of surgical value to recognize that the annular attachment of the common atrioventricular valve is potentially non-planar, particularly in patients with isomeric atrial appendages and biventricular atrioventricular connections.
